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[From ODtika i SDekrosko-Diva9 4(4), 1958, pp. 536-53] 

ON THE THEDRY OF THE WENCHING OF 

THE FLUORESCENCE OF SOLUTIONS 

by 

I. M. Roman 

hematical calm- 

lation of  the quenching of the fluorescence of solutions of organic substances 

developed by T. FBrster [2] and M, D. G a l a n i n  [3] are subjected to criticism. 

Without pausing t o  analyze this criticism, we would l i k e  to direct attention 

to st i l l  one other method of cahu3.ation based on HBlIkev's wdLl-known approach 

df4f!t - 7 F  - n 6  
I n  an ar t ic le  by B. Ya, Sveshnikov [l] the methods 

(me, for e-e, [&]I. 
L e t  us say that a solution contains moleculss of a substance I$, which 

reetly excited eeernal  sourus of radiation and molecuLes 

ch the energy electron excitation of % can be transferred. 

I n  accordance with [l, 23 we w i l l  consider that  return transfer is impossible, 

that  the molecules are immobile (during the time of  the excited state) , and 

that they are distributed statist ically i n  the solution. The probability of 

the transfer of energy from 3 and M2 depends on the optical characteristics 

of the molecules, the$r nutual distance r, and the refraction index of the 

medium and can be written in the form (-53: 

'EO rG ' 

where To i s  the average duration of the excited state of M, i n  the absence 

o f  a transfer of energy. 

the to t a l  probability of  

If i n  the solution there 

transfer for some excited 

are N2 molecules of M2, 

w i l l  be 
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Because of the presence of fluctuations i n  the spa t ia l  dis t r ibut ion of M2 [l, 

23, Wi w i l l  have some probable distribution of F(W)dW: 
63 

J FdW.=i. 
0 

Then, as can easi ly  be seen, the law o f  the quenching of the fluorescence of 

compound 1 w i l l  be 

and the quantum yield w i l l  be 

co 

( 2) F ( W )  dW 

0 I 

q l=z i io  J 1 

Thus the  problem of .determining the  relat ion of the quantum yield and the  law 

of quenching to  the ctonoentration of M p  mounts to the  ca lmla t ion  of the 

function of the d i s t r i h t i o n  F. 

The probabili ty t h a t  Wlies i n  the interval  W +, dW o r  

is determined 

this inequality. 

the number of a l l  possible combinations of rk which sa t i s fg  

Let us say t ha t  the molecule which i s  being examined i s  

located i n  the center of a sphere having a radius of R. 

concentration of the molecules of M p  is 

I n  t h i s  the average 

Then the  probabili ty tha t  one f r o m  M2 w i l l  be a t  a distance of rk, rk + drk 

from M1 w i l l  be 
* 

y (rk) dr, = 4iir;drkV-’, 

and the  probability tha t  one of the  dis t r ibut ions satisfging ( 3 )  w i l l  be 
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achieved is h': IT Y ('k) d f k -  
k=l 

Consequently, 

where the integration proceeds otiLy with those combinations of rk which sat is-  

f y  (3). 

tegra l  sign i n  (4) the Mricl i le t  function 

If i n  accordance with Markov's method one introduces under the in- 

then the integration is applied to t h e  ent i re  interval  of changes of rk. 

After the transformations we obtain: 

where 

A t  t he  linit when R -, it is possible to use S t i r l ing ' s  formula and obtain 

which leads ta the  following formula for  the normalized function of distribu- 

t i on  1) 

F (W) dW = - 1 .b" exp { - L} T&, 
, (2x)"' (Ws,)"' 2wq3 

where 

g = - 1 (2x)%R;n2, 
3 

1) 
integral .  

The author is gra te f i l  ta M. 2, Msksimov f o r  calculation of the 
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F(W) has a najdmrum when 

and with the half width 

The law of quenching and the quantum yield of fluorescence are easi ly  cal- 

culated on the basis of formulas (l), (2). and (5) 

where Q is the integral  of probability. 

Formulas (6) and (7) completely coincide with the corresponding fonnulas 

which were obtained i n  [2] and [?I. 
BIBLIOGRAPHY 

1. 

2. Th. Fdrster.  2. Natnrforsohq., No. ka, page 321, 19%. 
3. M. D. Galanin, ZHETF, No. 82, page 485, 1955. 
4. S. Chandrasekar. StokhastichesMve uroblemv v fiEike i astronomii [Sto- 

5. Th. Ftlrster. Ann. Phs,. No. 2, page 55, 19a .  

B. Pa, Sveshnikov. DAN SSSR [Reports of the Academy o f  Sciences of the 
USSR], No. .1U, page 78, 1956. 

chastia Problems i n  Physics and AstronomyJ, No. 1, Moscow, 1947, 

Submitted on 16 August 1957 

4 


